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the processby which a piece
of Information spreads and reaches
iIndividuals through interactions In a
netowork



Why do we care?
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Why do we care?

Viral marketing




Why do we care?
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Why do we care?




Outline

A Epidemic models
A Influence maximization
A Opinion formation models



EPIDEMIC SPREAD



Epidemics

Understanding the spread of viruse

and epidemics is of great interest t '1
A Health officials
A Sociologists

A Mathematicians
A Hollywood
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The underlyingcontact networkclearly affects the
spread of an epidemic



Epidemics

A Model epidemic spread asrandom process
on the graph and study its properties

A Questions that we can answer:

I What is the projected growth of the infected
population?

I Will the epidemic take over most of the netwdtk

I How can we contain the epidemic spread?

Diffusion of Ideasnd thespread of influence
can also be modeled as epidemics



A simple model

A Branching proces®@ person transmits the disease to each
people she meetsmdependently with a probability

A An infected person meets (new)peoplewhile she is
contagious

A Infection proceeds invaves

< Contact network is a
tree with branching
- % ~ factork
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Infection Spread

A We are interested in the number of people

Infected Epread and the duration of the
Infection

A This depends on the infection probability p
and the branching factor k .
An aggressive
epidemic with high
Infection probability

The epidemicurvives
- o 9 o %

Ao e after three steps
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Infection Spread

A We are interested in the number of people
Infected Epread and the duration of the
Infection

A This depends on the infection probability p

and the branching factor k  pgmess epidemic with

low infection
probability

The epidemidalies out
after two steps
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Basic Reproductive Number

A Basic Reproductive NumbgyY ): the expected number of
new cases of the disease caused by a simgleidual
eY 'E’Qr\]

A Claim (a) IfR, < 1, then with probability 1, the disease dies
out after a finite number of waves. (H)R, > 1, then with
probability greater than O the disease persists by infecting
at least one person in each wave.

1. If'Y  peach person infects less than one person in
expectation. The infection eventuallyes out

2. If'Y  peach person infects more than one person in
expectation. The infectiopersists



Proof

A @ : number of infected nodes after n steps

Arp 0 @  p :probability that there exists
at least 1 infected node after n steps

An® | Eq :the probability of having
infected nodes as © Hb

A We want to show that&  p,;° 1while
if'yY p,n T



Proof

Each child of the root starts a
branching process of lengthh D

n p @ M )

i n-1
Fw) p P Nb

then
n "Qn

We also haver] p.
So we obtain a series of values’d@p)R®@ ®p) )
We want to find where this series converges



Proof

A Properties of the functioriQ :

1. "Qm) mand@p) p (P 1) p.
20 N no rthin the interval
[0,1] but decreasing. Our function Is increasing
and concave.

200 [y



Proof

ACase 1Y 1 Q p. The function starts with
above the linev  wbut then drops below
the line. 4

0 I

1
"Qw) crosseghe linew wat some point
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Proof

A Starting from the value 1, repeated
applications of the functioffd«w) will converge
to the valuern)” 1 "Qn
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Proof

ACase 2Y 1 Q p. The function starts with
below the linew uBRepeated applications of
"Quw converge to zero.

A
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Branching process

A Assumes no network structure, no triangles or
sharedneihgbors



The SIR model

A Each node may be in the following states
I Qusceptible healthy but not immune
I Infected has the virus and can actively propagate it

I Removed (Immune or Dead) had the virus but it is no
longer active

A Parameter: the probabilityof an Infected node to
Infect a Susceptible neighbor



The SIR process

A Initially all nodes are in state ®(ceptiblg,
except for a few nodes In statenfécted).

A An infected node stays infected forsteps
i Simplestcased p

A At each of theo steps the infected node has

probabllity p of infecting any of itsusceptible
neighbors

I p: Infection probability
A After 0 steps the node is Removed



Example
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Example
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Figure 21.2: The course of an SIR epidemic in which each node remains infectious for a
number of steps equal to t;y = 1. Starting with nodes v and =z initially infected, the epidemic
spreads to some but not all of the remaining nodes. In each step, shaded nodes with dark
borders are in the Infectious (I) state and shaded nodes with thin borders are in the Removed
(R) state.






